Background and Purpose-Cerebral infarction is thought to be a multifactorial disease that is affected by several environmental factors and genetic variants. Gretarsdottir et al identified a candidate locus (STRK1) for cerebral infarction with a significant logarithm of odds score at 5q12 in whites in 2002 and subsequently identified the PDE4D gene as a susceptibility gene at this locus in 2003. The aims of this haplotype-based case-control study were to confirm, using microsatellite markers and single-nucleotide polymorphisms (SNPs), whether PDE4D is also a susceptibility gene for cerebral infarction in Japanese subjects. Methods-Cerebral infarction was defined as noncardiogenic ischemic stroke with signs and symptoms lasting Ͼ1 month in duration. We genotyped 208 Japanese cerebral infarction patients and 270 non-cerebral infarction controls for 31 SNPs, 3 dinucleotide microsatellites, and 1 tetranucleotide variable number of tandem repeat. Haplotypes were constructed and their frequencies compared between the cerebral infarction patients and the controls. Results-The haplotype-based case-control study revealed that in addition to the region of the PDE4D gene (Pϭ0.002), another region (PϽ0.001) also existed within the STRK1 locus. 
C erebral infarction is thought to be a heterogeneous multifactorial disease with which several environmental and genetic variants can be associated. These environmental and genetic factors together lead to the development of cerebral infarction. 1 Various susceptibility polymorphisms and mutations exert their effects in a polygenic manner. Epidemiologic studies have suggested a polygenic basis for cerebral infarction. 2 Identification of cerebral infarction susceptibility genes might enhance prediction of the risk of the disease. However, few genes considered as confirmed susceptibility genes for cerebral infarction have been identified.
Recently, Gretarsdottir et al 3 performed a genome-wide scan for susceptibility genes for stroke, which included ischemic and hemorrhagic stroke types, and identified a candidate locus with a significant logarithm of odds (LOD) score at the locus on 5q12 in whites. They named this locus STRK1 because it did not correspond to any other previously known loci. Subsequently, they were able to identify the PDE4D gene as a susceptibility gene within this locus. 4 However, 2 questions need to be addressed. The first is whether PDE4D is a susceptibility gene for cerebral infarction in Japanese as well as whites, and the second is whether susceptibility genes other than PD4ED are present in the STRK1 susceptibility region.
The aims of the present study were to determine whether PDE4D is a susceptibility gene for cerebral infarction in Japanese subjects using microsatellite markers and singlenucleotide polymorphisms (SNPs) in a haplotype-based casecontrol study and also to elucidate whether it is the only susceptibility gene in the STRK1 locus on 5q12.
Methods

Subjects
Patients and control subjects from the northern area of Tokyo were recruited for the case-control study. Patients were selected among those who were admitted at our hospital (Nihon University Hospital in Tokyo) or community hospitals in Tokyo between 1995 and 2005. Control subjects were selected from among the outpatients at our hospital during the same period. More than 80% of the Ϸ500 subjects we approached consented to participate in the study. Therefore, given that the subjects were selected according to the criteria for case-control studies, this investigation cannot be considered a population-based study. The study group consisted of 208 patients (126 men and 82 women; mean age 66.0Ϯ12.4 years, ranging from 29 to 99 years) diagnosed with cerebral infarction by computed tomography or MRI. All patients had neurological deficits that persisted for Ն1 month. A total of 270 subjects without cerebral infarction (141 men and 129 women; mean age 66.1Ϯ5.8 years, ranging from 50 to 98 years) were used as control subjects. Ages of the control subjects exceeded 50 years, but there was no significant difference between the cerebral infarction patients and the controls. Control subjects had vascular risk factors such as hypertension, diabetes mellitus, or hypercholesterolemia but no cerebrovascular disease. Hypertension was defined as having a sitting systolic blood pressure Ͼ160 mm Hg, diastolic blood pressure Ͼ100 mm Hg, or both on 3 occasions within 2 months after the first medical examination 5 or current use of an antihypertensive drug because of a history of arterial hypertension. Diagnosis of diabetes mellitus was based on the World Health Organization (WHO) criteria. Hyperlipidemia was defined as plasma total cholesterol Ͼ6.5 mmol, plasma triglycerides Ͼ2 mmol, or current use of a lipid-lowering drug in addition to a confirmed diagnosis of hyperlipidemia. 6 Smokers were defined as current or former smokers, whereas nonsmokers were defined as subjects with no history of previous or current smoking. History of smoking was recorded and current smokers included individuals who had stopped smoking Ͻ1 year before enrollment. History of alcohol use was recorded with habitual consumers defined as individuals who had Ն2 alcoholic beverages per day. 7 Individuals with a proven cause of cardioembolism such as recent myocardial infarction, valvular heart disease, and arrhythmia including atrial fibrillation were excluded from the cerebral infarction and control groups. Informed consent was obtained from each participant according to a protocol approved by the human studies committee at Nihon University. 8 
Biochemical Analysis
Plasma concentrations of total and high-density lipoprotein cholesterol and serum concentrations of creatinine and uric acid were measured as described previously. 7 
Genotyping of Microsatellite Markers and SNPs
Blood samples were collected from all participants, and genomic DNA was extracted from peripheral blood mononuclear cells using standard procedures. 9 The entire STRK1 locus is located between the D5S407 and D5S647 microsatellite markers. We therefore selected 3 microsatellite markers including 2 within the STRK1 locus that were obtained using PRISM linkage mapping set HD-5 (Applied Biosystems). The primer sets supplied with this kit are suitable for accurate genotyping. The distance between neighboring microsatellite markers was an average of 4.5 cM, and the average heterozygosity was 0.76. The primers were dyeconjugated with FAM, HEX, or NED (Applied Biosystems). Polymerase chain reaction (PCR) amplification was performed using 15 ng of genomic DNA, 3 L True Allele PCR Premix (containing PCR buffer, MgCl 2 , dNTP, and AmpliTaq Gold; Applied Biosystems), and 0.33 L of primer mix, to give a total reaction volume of 5 L. PCR amplification consisted of an initial step at 95°C for 12 minutes to activate the AmpliTaq Gold; 10 cycles of denaturation at 94°C for 15 s, annealing at 55°C for 15 s, and extension at 72°C for 30 s. This was followed by 20 cycles of denaturation at 89°C for 15 s, annealing at 55°C for 15 s, and extension at 72°C for 30 s, with a final step at 72°C for 10 minutes. PCR amplification was performed using Gene Amp PCR 9600 thermocycler (Applied Biosystems). Products from up to 8 different PCRs were diluted 1:10 (1:5 for products labeled with HEX and NED) and pooled. The pooled products (1 L) were then mixed with GS-500 LIZ internal size standard (0.5 L) and diluted 1:6 with HI-DI formamide (Applied Biosystems). The pooled reactions were denatured at 95°C for 3 minutes and were loaded on an ABI 3700 DNA analyzer (Applied Biosystems). Fluorescent signals of fragments from the reactions with various fluorescent dyes were recorded and analyzed using GeneScan software version 2.1 (Applied Biosystems), and the sizes of the fluorescent peaks were estimated by referencing the in-lane size standards. Marker allele calling was performed using Genotyper software version 2 (Applied Biosystems). In addition, we performed a manual surveillance for all of the genotypes. 10 To determine the associations between the markers and cerebral infarction, we selected 29 SNPs in the STRK1 locus (supplemental Figure I , available online at http://stroke.ahajournals.org). Based on the website from the National Center for Biotechnology Information SNP database or the Applied Biosystems-Celera Discovery System (CDS) database, we chose SNPs that had a minor allele frequency Ͼ18%. SNP Assays-on-Demand kits (Applied Biosystems) were used for the determinations. The CDS was used to confirm the SNPs via the accession number. Genotypes were determined using TaqMan PCR. 11 To examine whether PDE4D was the susceptibility gene for cerebral infarction in Japanese subjects, 2 SNPs (SNP45 and SNP83) and 1 tetranucleotide variable number of tandem repeat (VNTR; AC008818-1) were also genotyped because they had been reported previously to be susceptibility variants in the PDE4D gene. 4 X allele has been defined in a previous report. 4 
Linkage Disequilibrium Analysis and the Haplotype-Based Case-Control Study
Based on the genotype data of the genetic variations, linkage disequilibrium (LD) analysis was performed using SNPAlyze software (limited version 4.1; Dynacom Co, Ltd) 13 Haplotype frequencies were estimated by SNPAlyze software (version 3.2; Dynacom) using the expectation maximization algorithm. 12 Although the software was suitable for haplotype-based case-control studies using a maximum of 10 SNPs, it was not so for studies using microsatellites. Given that the online haplotype database showed all haplotype blocks on 5q12 to have been constructed by SNPs located within 1000 kbp in Japanese subjects (Project Ensemble), the pair-wise LD analysis of this study was performed using SNP pairs separated by Ͻ1000 kbp. Absolute DЈ values (͉DЈ͉) Ն0.3 were used to assign SNP locations to 1 haplotype block. Tagged SNPs were selected by omitting 1 SNP in SNP pairs showing r 2 Ն0.5 for each haplotype block. Despite being limited to 3 variants, the haplotype-based case-control study that used mixed SNP and microsatellite data were performed using the SNPAlyze software (limited version 4.1). 13 
Statistical Analysis
Clinical data represented as meanϮSD were first tested by ANOVA followed by Fisher's protected least significant difference test; P values Ͻ0.05 indicated a significant difference (Dr. SPSS II; SPSS Japan Inc). 14 Hardy-Weinberg equilibrium was assessed by 2 analysis (Dr. SPSS II).
The overall distribution of alleles between the cerebral infarction patients and controls was analyzed by 2 goodness-of-fit test using 2ϫ2 contingency tables; P values Ͻ0.05 were considered significant (Dr. SPSS II). 15 In the haplotype-based case-control study, the threshold value for haplotype frequency that was included in the analysis was set at 2%. 16 -19 All haplotype frequencies below the threshold value were excluded from the analysis, and P values Ͻ0.05/n were considered significant after correcting for the number of comparisons made (Bonferroni correction). 13 
Results
The characteristics of the study participants are shown in Table 1 . Cerebral infarction and age-matched control groups were used to assess polymorphism association between and within sex-specific groups in the total study cohort.
Genotyping was successful for Ͼ97% of the samples using the 3 microsatellites, 1 VNTR, and 31 SNPs from the 478 study subjects. Although Gretarsdottir et al reported that SNP45 was one of the variants consistent with the susceptibility haplotype associated with cerebral infarction, none of the Japanese subjects in our experiment were heterogeneous for SNP45. The expected frequencies for each genotype for all 3 microsatellites and the remaining 30 SNPs in the control group were in HardyWeinberg equilibrium (data not shown). There was no associa-tion with any of the polymorphisms examined (after correcting for multiple comparisons; Table 2 ). The distribution of genotype data are shown in supplemental Table I. LD patterns are illustrated by their ͉DЈ͉ and r 2 values (supplemental Table II ). Seven haplotype blocks were found in the STRK1 locus (Table 2) . Tagged SNPs were selected in each haplotype block based on the pair-wise LD analysis. The haplotype-based case-control study that was performed for each block using tagged SNPs revealed that there were 2 significantly different haplotype blocks between the cerebral infarction and control groups (Table 2 ). Because 7 haplotype blocks were compared, P values Ͻ0.05/7ϭ0.0071 were considered significant. The first block consisted of SNP83, SNP8, and VNTR within the PDE4D gene (Pϭ0.002). The second block consisted of SNPs 18, 19, 20 , and 21 (PϽ0.001). These P values also became significant after performing Bonferroni corrections.
SNP45, SNP83, VNTR, and the haplotype map built with SNP45 as well as the VNTR have all been reported previously to be associated with cerebral infarction. 4 SNP45 was not heterogenous, and the allelic distribution of SNP83 differed from that observed in whites. 4 The C allele was prevalent in 52.0% of the white control subjects but only in 11.8% of the Japanese control subjects. We performed our haplotype-based case-control study using SNP83, SNP8, and the VNTR because SNP45 was not polymorphic in our study population. The overall distribution of the haplotypes showed a significant difference between the cerebral infarction and control groups ( 2 ϭ21.4; P valueϭ0.002). The results for individual haplotypes showed that the frequency of the c-g-X haplotype was significantly higher in the cerebral infarction group compared with the controls (Table 3) , whereas the T-g-X haplotype was significantly less frequent in the cerebral infarction group than in the controls.
Distribution of individual haplotypes in the second block and their P values are shown in Table 4 . Results of the individual haplotypes indicated that 4 haplotypes exhibited significant differences between the cerebral infarction and control groups.
Discussion
The foundation for human studies examining putative causative genes that may be involved in cerebral infarction is based on a candidate gene approach. This involves selecting a functionally relevant gene to study and subsequently investigating its association with the cerebral infarction phenotype. Candidate genes in cerebral infarction research are chosen mainly for their role in the risk of stroke or vascular reactivity and brain response after insult. Stroke candidate genes fall into 5 main groups: renin-angiotensin system, 20 NO production, 21 lipid metabolism, 22 hemostasis, 23 and homocysteine metabolism. 24 However, the candidate regions are quite varied and the requisite assay analyses differ for each investigation.
A genome-wide scan was performed by Gretarsdottir et al in 2002 in an Icelandic population of 476 stroke patients and 438 relatives. The authors were able to identify a stroke susceptibility locus, STRK1, and mapped it to human chromosome 5ql2. 3 A broad but rigorous definition of the phenotype was documented, and hemorrhagic stroke, ischemic stroke, and transient ischemic attack were all included to map a locus for common stroke. The LOD score at the chromosome 5 locus increased from an initial score of 2.00 to 3.39 after genotyping of 45 additional markers over the identified 45-cM region. Furthermore, linkage analysis undertaken using an even higher marker density resulted in an LOD score of 4.40. This study was therefore the first to successfully map a major locus for stroke by combining genealogy, a large population from which patients with broadly defined stroke were selected, and allele-sharing methods. Together, these considerations make this study one of the most comprehensive analyses of genetic predisposition to stroke published to 4 we decided to attempt to confirm whether this PDE4D gene was also a susceptibility gene in Japanese subjects.
Nakayama et al Susceptibility Locus for Stroke on 5q12
Candidate polymorphisms that were possible major risk factors for myocardial infarction in Japanese subjects were identified previously in a large-scale case-control study that used 92 788 gene-based SNP markers from the entire human genome. 25 The results of this study confirmed the value of whole genome scanning using SNPs for the identification of suscepti- bility genes of multifactorial diseases. Therefore, we designed a case-control study using SNPs and microsatellites in the susceptibility locus. In our study, the cerebral infarction patients and control subjects were selected based on considerably stricter criteria than those used in the Gretarsdottir et al study by excluding transient ischemic attack. To do this, cerebral infarction was defined as noncardiogenic ischemic stroke with signs and symptoms lasting Ͼ1 month in duration. Inclusion of the various subtypes of stroke may have increased the false-negative results in their case-control study. Very recently, 2 groups independently reported that the PDE4D gene was not associated with stroke. 26, 27 Not surprisingly, comparison of different studies produces different results, 28 and one explanation for these disparities is that different analytical methods, genetic maps, and markers are used. Furthermore, striking differences in incidence, prevalence, and the clinical patterns among different ethnic populations reported in several epidemiological studies support this view.
Our results suggest that there may be a susceptibility region other than that of the PDE4D gene within the locus in Japanese subjects. The region of the PDE4D gene may be the susceptibility region for cardioembolic stroke, whereas the region that we identified may be the susceptibility region for noncardiogenic ischemic stroke. Further studies are needed to isolate other susceptibility genes and determine the confounding between these 2 regions. 
